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SYSTEM FOR COOLING A POWER TRANSFORMER 
Technical Field 

[0001] This invention relates generally to the 

operation of power transformers and, more particularly, 
to the cooling of power transformers. 

Background Art 

[0002] The capacity of power transformers, such as 

mobile power transformers or stationary power 
transformers located at substations, is impacted 
greatly by ambient temperature. During the- summer, when 
the demand for electric power is high, ambient 
temperature can limit substation capacity. Eliminating 
this seasonal bottleneck will be advantageous for 
providing uninterrupted service during peak demand 
periods without having to provide additional 
transformer capacity to handle the peak loads. While 
cooling of power transformers is known, conventional 
systems for providing cooling to power transformers has 
had only limited effectiveness. 

[0003] Accordingly, it is an object of this 

invention to provide a system for cooling power 
transformers which can cool power transformers more 
effectively than can conventional power transformer 
cooling systems. 

Summary Of The Invention 

[0004] The above and other objects, which will 

become apparent to those skilled in the art upon a 
reading of this invention, are attained by the present 
invention, one aspect of which is: 
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[0005] A method for cooling a power transformer 
comprising : 

(A) drawing air into a vaporizer having an intake 
and an exhaust, and passing air through the vaporizer 
from the intake to the exhaust ; 

(B) passing liquid cryogen from a storage vessel 
to the vaporizer, spraying liquid cryogen into the 
vaporizer, and cooling air within the vaporizer by 
direct heat exchange with the liquid cryogen; and 

(C) passing cooled air from the vaporizer to a 
power transformer to provide cooling to the power 
transformer . 

[0006] A further aspect of the invention is: 
[00 07] A method for cooling a power transformer 
comprising: 

(A) passing air into a cooling device; 

(B) cooling the air within the cooling device ; 

and 

(C) passing the cooled air from the cooling 
device to a power transformer to provide cooling to the 
power trans former . 

[0008] Another aspect of the invention is: 

[0009] Apparatus for cooling a power transformer 

comprising : 

(A) a vaporizer having an intake and an exhaust, 
and having means for drawing cooling fluid into the 
intake of the vaporizer and for ejecting cooling fluid 
out from the exhaust of the vaporizer; 

(B) a liquid cryogen storage vessel and means for 
passing liquid cryogen from the storage vessel to the 
vaporizer; and 
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(C) a power transformer positioned to be 
contacted by cooling fluid ejected out from the exhaust 
of the vaporizer. 

[0010] Yet another aspect of the invention is: 
[0011] Apparatus for cooling a power transformer 
comprising : 

(A) a cryogen storage vessel; 

(B) a power transformer having a radiator; and 

(C) means for passing cryogen from the cryogen 
storage vessel to the power transformer, said means 
comprising conduit means having a cryogenic valve and 
having at least one spray nozzle for spraying cryogen 
onto the power transformer radiator. 

[0012] As used herein the term "indirect heat 
exchange" means the bringing of entities into heat 
exchange relation without any physical contact or 
intermixing of the entities with each other. 
[0013] As used herein the term "direct heat 
exchange" means the transfer of refrigeration through 
contact of cooling and heating entities. 
[0014] As used herein the term "cryogen" means a 
fluid which, at atmospheric pressure, is a gas at a 
temperature of -109°F. 

[0015] As used herein the term "power transformer" 
means a device for converting alternating current at 
one voltage to alternating current at a second voltage, 
used in the transmission or distribution of electric 
power . 

[0016] As used herein the term "cryogenic valve" 

means a device used to regulate the flow of liquid or 
gas designed specifically for operation below -109°F. 
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Brief Description Of The Drawings 

[0017] Figure 1 is a simplified representation of 
one preferred embodiment of the power transformer 
cooling system of this invention. 

[0018] Figure 2 is a representation of the vaporizer 

used in the embodiment illustrated in Figure 1. 

[0019] Figure 3 is a head on or end view of the 

vaporizer illustrated in Figure 2. 

[0020] Figure 4 is a simplified representation of 

another preferred embodiment of the power transformer 
cooling system of this invention. 

[0021] The numerals in the Drawings are the same for 

the common elements. 

Detailed Description 

[0022] The invention will be described in detail 

with reference to the Drawings . Referring now to 
Figures 1, 2 and 3, liquid cryogen, such as liquid 
nitrogen, is stored in liquid cryogen storage vessel 8. 
Other liquid cryogens which may be used in the practice 
of this invention include liquid argon, liquid carbon 
dioxide, liquid air produced by liquefying ambient air, 
and other mixtures of liquid oxygen and liquid 
nitrogen . 

[0023] Liquid cryogen is passed out from storage 

vessel 8 in line or conduit 10, through cryogenic valve 
7 and then in lines 11 and 12 into distributor volume 
or sparger 13 which rings vaporizer 2. 

[0024] Vaporizer or cooling device 2 has an intake 

and an exhaust and also has means for drawing or 
passing cooling fluid, e.g. ambient air, into the 
intake and ejecting cooling fluid out from the exhaust. 
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In the embodiment of the invention illustrated in 
Figures 1-3, this means is an electric motor 27 driving 
a fan 14. By operation of the electric motor and fan, 
ambient air is drawn into intake 15 of vaporizer 2 as 
shown by arrows 16, passed through vaporizer 2, and 
ejected out of the exhaust 17 of vaporizer 2 as shown 
by arrows 18. Preferably, as illustrated in Figures 1 
and 2, vaporizer 2 has a converging/diverging 
configuration from the intake to the exhaust. Such a 
configuration serves to accelerate the cooling fluid as 
it passes through the vaporizer which, in turn, 
enhances the cooling of the cooling fluid by the heat 
exchange with the liquid cryogen. 

[0025] A plurality of cryogenic spray nozzles 19 are 
positioned in distributor volume 13 for passing liquid 
cryogen into vaporizer 2 . Preferably, as illustrated 
in Figures 1 and 2, distributor volume or sparger 13 is 
positioned on vaporizer 2 downstream of fan 14. By 
downstream it is meant between fan 14 and exhaust 17. 
As liquid cryogen is sprayed into vaporizer 2 from 
cryogenic spray nozzles 19 downstream of fan 14, the 
liquid cryogen contacts the cooling fluid, e.g. air, 
passing through vaporizer 2 and, by direct heat 
exchange, cools the air within vaporizer 2 as the 
cryogen vaporizes. The cooled air is then ejected from 
exhaust 17 along with the vaporized cryogen and 
possibly some unvaporized cryogen. Some vaporization 
of the cryogen and cooling of the cooling fluid may 
continue after the cooling fluid is ejected from the 
vaporizer exhaust . 

[0026] Power transformer 4 having a radiator 3 is 

positioned such that the cooled cooling fluid ejected 
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from vaporizer 2 contacts the radiator so as to provide 
cooling to the power transformer by indirect heat 
exchange within fluid radiator 3 . 
[0027] Fluid radiator 3 contains oil that 

continuously circulates between the radiator and the 
transformer. As the oil moves through the transformer, 
it absorbs heat energy. This heat energy is produced 
because the transformer is unable to transfer 
electrical power at 100 percent efficiency. The oil 
conveys this heat from the transformer to the radiator 
where it is rejected. The rejection of heat is 
necessary to prevent the internal temperature of the 
transformer from exceeding specifications. By cooling 
the oil returned to the transformer, its capacity to 
absorb heat is increased thereby increasing the power 
handling capability of the transformer. 

[0028] Although the cooling fluid is illustrated in 

Figure 1 as passing sideways or horizontally from the 
vaporizer to the radiator of the power transformer, it 
may be preferable to position the vaporizer so that the 
cooling fluid passes in an upward or in a downward 
direction from the vaporizer exhaust to the power 
transformer radiator . 

[0029] The embodiment of the invention illustrated 

in Figure 1 is a preferred embodiment wherein a remote 
control and telemetry unit 6 receives a temperature 
measurement 5 from the power transformer. This control 
and telemetry unit controls the action of cryogenic 
valve 7, which in turn regulates the flow of cryogen 
from the storage tank 8 to the vaporizer. The control 
and telemetry unit can communicate with a utility power 
dispatcher through a communication link such as a 
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telephone circuit. The power dispatcher may use the 
information received from the remote telemetry unit to 
change the setting of the control and telemetry unit . 
The electrical signal means by which elements 4, 5, 6 
and 7 communicate are illustrated by the dotted lines. 
[003 0] Figure 4 illustrates another embodiment of 

the invention wherein a separate vaporizer is not used 
but rather the cryogen is sprayed directly onto the 
surface of the power transformer radiator wherein it 
vaporizes or sublimates to provide cooling to the power 
transformer. The elements of the embodiment of the 
invention illustrated in Figure 4 which are similar to 
those of the embodiment of the invention illustrated in 
Figure 1 will not be described again in detail . 
[0031] Referring now to Figure 4, cryogen is passed 

from cryogen storage vessel 8 in conduit 2 5 through 
cryogenic valve 7 to plurality of spray nozzles 26 
which are positioned so as to spray the cryogen onto 
the surface of radiator 3 . The cryogen vaporizes 
and/or sublimates on the surface of radiator 3 thus 
cooling by indirect heat exchange the fluid within 
radiator 3 therefore cooling the power transformer. 
[0032] Although the invention has been described in 
detail with reference to certain preferred embodiments, 
those skilled in the art will recognize that there are 
other embodiments of the invention within the spirit 
and the scope of the claims. 



